We elaborate on a mechanism for obtaining naturally light composite fermions in a strongly interacting gauge theory, A simple toy model is used to illustrate the basic ideas.
and complimentarity C4 1, several solutions to the consistency conditions were found. The present paper extends the previous work on massless composite fermions and describes a general mechanism by which these fermions can obtain a small mass. FJe elaborate on some recent discussions on the weak generation of fermion masses by Peskin C51 and Dimopoulos and Susskind C61.
The essential feature of the mechanism involves two steps, of which the first is a partial spontaneous breakdown of the guardian symmetry.
In general, a subset of the original fermions are left massless. They are still protected by the unbroken subgroup of the guardian symmetry.
The others obtain mass either through instantons and the condensates which spontaneously break the symmetry or via the condensates alone.
The second step involves a weak explicit breaking of the guardian symmetry. The remaining massless fermions can then receive a mass of order aW, the coupling constant of the feeble gauge interaction.
For the sake of simplicity we discuss a particular strong interaction model with a strong gauge group SU(4)s. The model includes the following fermions: a 10 of SU (4) In section 2 we present a discussion of the model in the so-called where a,b,c,d= 1 , . . . 6. Here SU (8) Other breakdown patterns with the z condensate include SU(4) x SP (4) and SU(6) x SU(2) and can be discussed along the same lines.
We finally want to discuss the completely antisymmetric 8 MY6
condensate.
There are again several possible breakdown patterns depending on the vacuum expectation values. We first consider e1234 # 0 (8) N (8) 
5 XY = (1, 6, 0) xr 5 " and < are still pro tected by the SU(4) x SU(4) x U(l)z symmetry, whereas a Majorana mass term is allowed for Sxy. The eight particle condensate can however not directly give a mass to 5 XY as was the case in the E example.
We need in addition the instanton process ( fig.  1 ).
Note that in this case if we ignored the instanton there would be an additgnal conserved quantum number that would forbid a mass for Sxy.
In the previous s case there would also have been an additional conserved quantum number, but its value for 5 ab was zero. The process that gives mass to 5 XY is shown in fig.  4 . Observe that due to the SU (8) antisymmetry of the instanton process this graph does not give mass to 5 rs xr and5 .
Another possibility is 078ab o1 nab (11) where a,b = 1, . . . 6. The symmetry is broken to SU(2) x SP (6) 
is conserved. The second possibility of condensation is the tumbling pattern.
The v.e.v. <$t>o breaks SU(4)s x SU (8) 
We are however still left with a strong SUM interaction. The MAC in SU(3) is $7 = xijQJa (i= 1,2,3; a=1,2,3,4,5,6,7).
We then assume which causes the breakdown to SU(2)s x SU(6) x UA(l) x U, ( 1) 
We thus remain with 2 massless SP(6) sextets and one massless singlet similar to the massless particles in (7) or (13). There, however, we had an additional global SU(2) symmetry. Note that if <$i>o = <o;>o' there would then be a one-to-one correspondence between (7) and (25).
D is then the third generator of the SU(2) symmetry and the states J, 3a
and $4a form an SU (2) 
Sp (6) where the first step occurs at the SU (4) 
Light Fermion Masses (Symmetric Picture)
So far we have kept SU(8) x U(1) strictly as a global symmetry.
The only gauge symmetry SU(4)s in the model became strong at the scale %* In the following we will regard part of the global symmetry as a weak gauge symmetry (weak in the sense that ow = gi/4n is small at the scale A,). This is motivated by the fact that in the real world there -18-exist gauge symmetries with these properties. Specifically we will gauge?n SU(4)w subgroup of SU (8) 
Gauging this SU(4)w subgroup breaks the SU(8) chiral symmetry explicitly, and could lead to a generation of light fermion masses, as we will show in the remainder of this section.
We will first investigate this model in the symmetric picture where this mechanism is most transparent. According to the discussion in the preceeding two sections, we will confine ourselves to the cases where the global symmetries are spontaneously broken either to SU(4) x SU(4) or SU(2) x SP(6), corresponding to the 6 clfw "GY6 and 0 condensates occuring in the symmetric picture.
Let us first consider the SU(4) x SU(4) case. SU (8) The remainder of this section will be devoted to the SU(2) x SP (6) case. This breakdown can occur with the 8 as well as the g condensate [compare (5) and (11)l. The fermions 5 ab in (7) and (13) receive masses from the graphs of figs. 3 and 4, respectively. We now switch on the SU(4)w interaction. It is obvious that the spontaneous breakdown of SU (8) to SU(2) x SP(6) will induce a breakdown of the SU (4) (29) where we have used SU (8) notation. The generator Z of (25) is explicitly broken by gauging SU(4)w. The quartet of SU (4)w is given by $la (a= 1,3,5,7) and the antiquartet by $ia (a= 2,4,6,8) . We note that in the SP (6) Such new graphs will always appear in any effective low energy Lagrangian which includes the composite fermions and the pseudo-Goldstone bosons.
Light Fermions (Broken Picture)
The case of the global SU (8) ) f= (8) T = i" O 4su~4~s + (" 1-1 l-1 lml) su (8) Note that if we ignore the SU(4)s contribution to E and y they are Note the one-to-one correspondence in the spectrum of massless states of (33) and (31) 
